SUMMARY In 11 conscious volunteers, the jejunal absorption was measured during basal state and during the simultaneous intravenous infusion of small doses of gastrin, secretin, cholecystokinin, glucagon and gastric inhibitory polypeptide. The blood levels of gastrin, secretin, glucagon, and GIP were measured by RIA and were close to those achieved after a meal. The (Fig. 1) . The latter was bound to the triple lumen catheter in such a way that it could be separated from it when the infusion point had reached the desired position, in order to prevent further proReceived for publication 28 October 1979 gression of the tube over the two-day experiment. The infusion tip was positioned fluoroscopically just beyond the ligament of Treitz. Solutions were then infused at this site during a 60 minute equilibration period followed by four 30 minute sampling periods. Proximal samples were recovered by aspiration with a calibrated syringe at the constant rate of 1 ml/min; distal sampling was made by simple siphonage and was delayed by 10 minutes to allow for the transit time of the fluid through the test segment.3
Many reports have demonstrated that gastrointestinal (GI) hormones can decrease the absorption, or induce the secretion, of water and electrolytes by the human small intestine.' However, the physiological meaning of such findings is doubtful, as most of the studies were done with pharmacological doses of a single hormone. The aim of this work is to determine whether a simultaneous infusion of small doses of gastrin, secretin, cholecystokinin (CCK), glucagon and gastric inhibitory polypeptide (GIP), in an attempt to simulate the normal postprandial gastrointestinal hormone release, influences human jejunal absorption.
Methods

INTESTINAL PERFUSION STUDIES
Studies were performed after an overnight fast on nine male and two female subjects, aged from 18 to 45 years, who were free of gastrointestinal disease. Movements of water and electrolytes were measured by the technique of intestinal perfusion with a triple lumen catheter.2 The mixing and the test segments were 15 cm and 25 cm long respectively. The distal mercury bag which weighed the tube down was attached at the tip of a blind-ended fourth tube (Fig. 1) . The latter was bound to the triple lumen catheter in such a way that it could be separated from it when the infusion point had reached the desired position, in order to prevent further proReceived for publication 28 October 1979 gression of the tube over the two-day experiment. The infusion tip was positioned fluoroscopically just beyond the ligament of Treitz. Solutions were then infused at this site during a 60 minute equilibration period followed by four 30 minute sampling periods. Proximal samples were recovered by aspiration with a calibrated syringe at the constant rate of 1 ml/min; distal sampling was made by simple siphonage and was delayed by 10 minutes to allow for the transit time of the fluid through the test segment.3
On the first day, the five hormones, diluted in isotonic saline and mixed in the same syringe, were given by intravenous infusion at the following doses: synthetic human gastrin 1 heptadecapeptide 28.6 pmol (006,ug) 
Results
Hormonal levels: The blood levels, as measured by radioimmunoassay, achieved during infusion of the hormone mixture are shown in Table 2 . Water and electrolytes: The basal net absorption of water, sodium, and chloride was reversed to a net secretion during hormonal infusion (P<001). The same type of phenomenon also occurred for potassium and bicarbonates but failed to reach statistical significance (Table 3) . As shown in Fig. 2 , a net secretory effect was elicited in eight of the 11 subjects tested. Gastrin, CCK, secretin, glucagon, and GIP have all been shown, when infused alone, to decrease the absorption, or induce a secretion, of water and electrolytes by the human small intestine.' Most of these studies, however, have used supraphysiological amounts of hormone; the lowest reported doses able to reduce significantly the fluid absorption in man are 0.5 ,ug/kg/h of synthetic human gastrin, 2 1 Ivy dog U/kg/h of CCK,'3 1 CU/kg/h of secretin,13 0-6 ,ug/kg/h of glucagon, 4 and 1 ,ug/min of GIP.Y'
The physiological doses of many gastrointestinal hormones are still not well known. In the present study, in attempting to simulate the postprandial release of gastrointestinal hormones, the doses of hormones were chosen so as to (1) be smaller than those required to elicit a half-maximal response (Dso) on the main target organ; (2) give circulating levels in the range of those observed after a meal. The dose of synthetic gastrin used (28-6 pmol/kg/h represents one-third of the Dso of this hormone for gastric secretion'2 and has been shown to give a serum gastrin concentration similar to that produced by feeding. 16 The levels of circulating gastrin measured in the present study are slightly higher than those usually observed after a meal (Accary, personal communication). However, in five of our subjects, gastric acid secretion measured during the infusion of gastrin alone was found to be in a physiological range (13.37±2.35 mmol/h). Moreover, gastrin alone is probably not responsible for the jejunal secretion observed here, as we have previously shown that an infusion of 596 pmol/kg/h was unable to reduce significantly the fluid absorption in the human jejunum.12 The dose of CCK that we have infused (21.25 pmol/kg/h) is less than the Dso for the secretion of pancreatic enzymes, as can be deduced from the studies of Malagelada et al.17 18 The CCK blood levels could not be measured; however, bearing in mind that the duodenal bile salts increase as an indirect index of CCK activity, the secretion of bile salts elicited by the intravenous hormonal infusion was not greater than that obtained with a jejunal amino acid perfusion.19 The amount of secretin released postprandially has been indirectly estimated at 0.5 CU/kg/h.20 In fact, there is some controversy as to whether secretin is released by a meal, because of the failure of several immunoassays to detect any postprandial increase in the blood level of this hormone.2122 However, a small rise in immunoreactive secretin after feeding has been found by other authors.7 23 Thus, we infused a very small dose of this hormone (8.2 pmol/ kg/h), which induced a rise in circulating secretin comparable with that measured by Chey after a meal (Chey, personal communication). The dose of glucagon used is considered as physiological24 and induced a very small rise in the level of immunoreactive glucagon, similar to that observed after a meal.2526 The amount of GIP we used is considered as physiological.27 For some unknown reason, however, we did not obtain a steady level of circulating GIP, but the highest values measured are within the range of normal postprandial values.9
It can thus be assumed that the amounts of the five hormones infused here are not far from those released by a normal meal. Yet, the simulation of the postprandial condition obtained in this work is still imperfect, as (1) the hormones were infused in a peripheral vein and not in the portal system; (2) the molecular form of the substance given was probably different from the circulating hormone (vg:gastrin 17 was infused alone instead of a mixture of all gastrin components; (3) porcine peptides were infused, as the structure of some human hormones is still unknown; (4) all possible released peptides have not been used. Indeed, a clear rise of pancreatic polypeptide was documented to occur after a meal2829; this peptide was not included because it was not available for human infusion when this work was done. Vasointestinal polypeptide, motilin, and somatostatin were not given because their postprandial release is still disputed.30-33
The present study was not designed to investigate the mechanism of the secretory effect of the hormones infused. The adenylate cyclase system is probably not involved, as none of the five peptides we have used was shown to stimulate this system in the small intestine.34 As a result of the CCK infusion, the total concentrations of bile salts was higher during the hormonal infusion than in the basal period and dihydroxy bile salts are known to induce a jejunal secretion of fluid in man.3536 But this mechanism is probably not responsible for the secretion we observed, as (1), in our experiment, the quantity of dihydroxy bile salts in the jejunum is probably lower than the concentration usually required (2-3 mmol/l) to induce a secretion3536; indeed, the total concentration of bile salts in the test segment was 2A49±0.19 mmol/l and the dihydroxylate salts represent only 60% of the total bile salts37; (2) the normal bile released in our experiment contains lecithin, which was shown to abolish the secretory effect induced by the biliary salts on the human intestine.33 However, the effects of bile salts and hormones could be additive.
After a meal, the volume of the intestinal content progressively decreases from duodenum to caecum.38 However, recently, Wright et al.39 showed in experimental conditions in man that a jejunal secretion of water and electrolytes occurred when a nutrient mixture was perfused in the duodenum. The cause of this secretion was not elucidated, however. More than 40 years ago, Nasset et al.40 observed a postprandial secretion of fluid in denervated Thiry-Vella loops of canine jejunum and suggested the existence of a humoral substance released by a meal and responsible for this secretion. Our study demonstrates that an intravenous infusion of five gastrointestinal hormones known, or suggested, to be released by a meal induces in man a jejunal secretion of water and electrolytes. Each hormone was infused at levels close to those achieved after a meal. Our work supports Nasset's hypothesis that humoral substances may be involved in the postprandial jejunal secretion. Additional studies are required to evaluate which peptide, or which combination of peptides, induced this secretion. 
